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1. $\Gamma\neq$
,
$i\partial_{t}u=-$Au $-|$u $|^{p-1}u-a|u|^{q-1}u$ , $(t, x)\in \mathbb{R}^{1+n}$ (NLS)
(standing wave) $e^{i\omega t}\phi_{\omega}(x)$ 6
(NLS) $u=u$(t, $x$ ) , $a\in \mathbb{R},$ $n$ \in N, $1<p<q<\infty$ ,
$n\geq 3$ , $H^{1}$(r) $p<q<1+4/(n-2)$
. $e^{i\omega t}\phi$\mbox{\boldmath $\omega$}(x) , $\omega\in \mathbb{R}$ , eiwt\phi (x)
(NLS) , $\phi_{\omega}(x)$
$-\Delta\+\omega\phi-|$ $ $|^{p-1}\phi-a|\phi|^{q-1}\phi=0$ , $x\in \mathbb{R}^{n}$ (SP)
, , $\phi_{\omega}(x)$ , $\omega$ 1 , (SP)
, ( ) .
. $a=0$ , (NLS)
,
20 ([2, 6, 28] ). ,
, -
, Grillakis, Shatah and Strauss $[16, 17]$
. $a\neq 0$ , 2 3
, $a<0,$ $n=p=3,$ $q$ =5 (NLS)
( [1], [27] ).





, . $a\neq 0$ (NLS)
[8, 9, 22, 23, 24, 25, 26] . ,





$E(v):= \frac{1}{2}||\nabla v||$02- $\frac{1}{p+1}||v||_{L^{\mathrm{p}+}}^{p+1}1-\frac{a}{q+1}||v||_{L^{q+}}^{q+1}$ 1
$H^{1}$(r) , (NLS) .
(NLS) $H^{1}$ (r) ,
, $Q$ (v) $:= \frac{1}{2}||v||_{L^{2}}^{2}$
.
Proposition 1. ([5, 7, 15, 19] )For any $u_{0}\in H^{1}(\mathbb{R}^{n})$ , there exist $T>0$ and a
unique solution $u(t)\in C([0, T),$ $H^{1}(\mathbb{R}^{n}))$ of (NLS) with $u(0)=u_{0}$ such that $T=+\infty$ ,
or else $T<+$0and $\lim_{t\uparrow T}||\nabla u(\mathrm{t})||_{2}=+0.$ Furthermore, $u(t)$ satisfies
$E(u(t))=E(u_{0})$ , $Q(u(t))=Q(u_{0})$ , $t\in[0, T)$ .
, (SP) , $H^{1}$(r) $S_{\omega}$
$S_{\omega}(v):=E(v)+ \frac{\omega}{2}||v||_{L^{2}}^{2}=\frac{1}{2}||\nabla v||$I$2+ \frac{\omega}{2}||v||$ \sim $2- \frac{1}{p+1}||v||_{L^{\mathrm{p}+}}^{p+1},$ $- \frac{a}{q+1}||v||_{L^{q+}}^{q+1}$ 1
. (SP) $S_{\omega}$ . $S_{\omega}’(\phi)=0$
.
Definition. (SP)
$\{v\in H^{1}(\mathrm{F}) : S_{\omega}’(v)=0, v\neq 0\}$
25
$\mathcal{X}_{\omega}$ ,
{ $\phi\in$ , : $S_{\omega}(\phi)\leq S_{\omega}(v)$ for all $v\in \mathcal{X}_{\omega}$ }
$\mathcal{G}_{\omega}$
(SP) , , Concentration compactness
, [3, 4, 21] .
Proposition 2. ([3, 4, 21]) Let
$\omega$0 $:= \sup\{\omega>0:$ $\frac{\omega}{2}s^{2}-\frac{1}{p+1}s^{p+1}-\frac{a}{q+1}s^{q+1}<0$ for some $s>0\}$
Then, $\mathcal{G}_{\omega}$ is not empty for any $\omega\in$ $(0, \omega_{0})$ .
$\phi_{\omega}\in$ G . [5] Theorem 8.1.1 [8] Theorem 2.4 ,
$\lim|x|arrow\infty\{|\phi_{\omega}(x)|+|\nabla\phi_{\omega}(x)|\}=0$ , $r\in[2, \infty)$ $\lambda 1\backslash 1$ \check \phi $\in \mathrm{M}^{\gamma 3,r}$ (Rn)
$\phi_{\omega}$ . , , $\phi_{\omega}(x)>0,$ $x\in \mathbb{R}^{n}$ .
,
Deflnition. For $\phi_{\omega}\in(;,$ and $\delta>0,$ we put
$U_{\delta}(\phi_{\omega}):=\{v\in H^{1}(\mathbb{R}^{n})$ : $\inf_{\theta\in \mathbb{R},y\in \mathrm{R}^{n}}||v-$ e$:\theta_{\mathcal{T}_{y}\phi}$, $||_{H^{1}}<\delta\}$ ,
where $\tau_{y}v(x)=v(x-y)$ . We say that astanding wave solution $e^{i\omega t}\phi_{\omega}(x)$ of (NLS) is
stable in $H^{1}(\mathbb{R}^{n})$ if for any $\epsilon>0$ there exists $\delta>0$ such that for any $u_{0}\in U_{\delta}(\phi_{\omega})$ , the
solution $u(t)$ of (NLS) with $u(0)=u_{0}$ satisfies $u(t)\in U_{\epsilon}(\phi_{\omega})$ for any $t\geq 0$ . Otherwise,
$e^{i\omega t}\phi_{\omega}$(x)is said to be unstable in $H^{1}(\mathbb{R}^{n})$ .
3.
$a=0$ . ,
$i\partial_{t}u=-\Delta u-|u|^{p-1}u$ , $(t, x)\in \mathbb{R}^{1+n}$ (NLS0)
$-\Delta\psi+\omega\psi-|\psi|^{p-1}\psi=0$, $x\in \mathbb{R}^{n}$ (SPO)
28
. , $n\in \mathrm{N},$ $1<p<\infty$ , \geq 3 $p<1+4/(n-2)$
. , $\omega>0$ (SPO) $H^{1}(\mathbb{R}^{n})$
$\psi_{\omega}(x)$ , (
[20] ). , $e^{i\omega t}\psi_{\omega}(x)$ , $p<1+4/n$
$\omega>0$ ([6] ) , $p\geq 1+4/n$ $\omega>0$
($p>1+4/n$ [2], $p=1+4/n$ [28] ).
, $p=1+4/n$ (NLSO)
. Grillakis, Shatah and Strauss $[16,17]$ ,
$L^{2}$ $||\psi_{\omega}||_{L^{2}}$ .
, $\partial_{\omega}||\psi_{\omega}||_{L^{2}}^{2}|_{\omega=\omega_{1}}>0$ $\omega=\omega_{1}$ , ,
$\partial_{\omega}||\psi_{\omega}||_{L^{2}}^{2}|_{\omega=\omega_{1}}<0$ $\omega=\omega_{1}$ . (NLSO)
$\lambda^{2/(p-1)}u$ (\lambda x, $\lambda^{2}t$), $\lambda>0$ , , $\psi_{\omega}(x)=\omega^{1/(p-1)}\psi_{1}(\sqrt{\omega}x)$
, $||\psi_{\omega}||_{L^{2}}^{2}=\omega^{2/(p-1)-n/2}||\psi_{1}||_{L^{2}}^{2}$ . , $\omega>0$ ,
$p=1+4/n$ . , $a\neq 0$ ,
, $L^{2}$
, .
$a\neq 0$ , $||\phi_{\omega}||_{L^{2}}^{2}$ , Ohta
[22] $n=1$ (SP) , ||\phi $||_{L^{2}}^{2}$
([18] ). , Ohta $n=1$ , [23, 24, 25,
26] , [23] , \mbox{\boldmath $\omega$}\mapsto \phi
$C^{1}((0,\omega_{0}),$ $H^{1}(\mathbb{R}^{n}))$ . , $p<1+4/n$
, $\omega$ , $\omegaarrow 0$
$||\phi_{\omega}||_{L^{2}}^{2}$ 0 .
, [23, 24, 25, 26] Davey-Stewartson system ,
, $a>0$
, $\omega\in$ $(0, \infty)$ $p\geq 1+4/n$ $\omega>0$ $\langle$ , $p<1+4/n<q$
, .




Theorem 1. ([12]) Assume $n\geq 3$ and $p<1+4/n$ . Let $\phi_{\omega}\in \mathcal{G}$,. Then, there
exists $\omega^{*}\in$ $(0, \omega_{0})$ such that the standing wave solution $e^{i\omega t}\phi_{\omega}(x)$ of (NLS) is stable
in $H^{1}(\mathbb{R}^{n})$ for any $\omega\in(0,\omega^{*})$ .
Theorem 1 , $\phi_{\omega}$ $\omega$ , , 0
$\{\omega_{k}\}$ ,
Ohta [23] . , Theorem 1
. Theorem 1
[12] . , $a>0,$ $n$ \geq 3, $q<1+4/n$ $\omega$
Theorem 1 , .




, , Grillakis, Shatah and Strauss $[16, 17]$
$||\phi_{\omega}||_{L^{2}}^{2}$ , Theorem 1 ,
(NLS) , $\phi_{\omega}(x)$
, .
Proposition 3. Let $\phi,$ $\in \mathcal{G}_{\omega}$ . If there exists $\delta>0$ such that
$\langle$S2 $(\phi_{\omega})v,$ $v\rangle$ $\geq\delta||v||_{H^{1}}^{2}$ (1)
for any $v\in H^{1}(\mathbb{R}^{n})$ satisfying ${\rm Re}(\phi_{\omega}, v)L2=0,$ ${\rm Re}(i\phi_{\omega}, v)_{L^{2}}=0$ and ${\rm Re}(\partial_{l}\phi_{\omega}, v)_{L^{2}}=0$
for $l=1,$ $\cdots$ , $n$ , then the standing wave solution $e$”t $\phi_{\omega}$(x)of $(\mathrm{N}\mathrm{L}.\mathrm{S})$ is stable in
$H^{1}(\mathbb{R}^{n})$ .
, $\omega$ $\langle$ , Grillakis, Shatah and Strauss
$[16, 17]$ $\partial_{\omega}||\phi_{\omega}||_{L^{2}}^{2}>0$ . ,
[17] Lemma 4.5 . , [17]
Lemma 4.5 , ${\rm Re}(i\phi_{\omega}, v)_{L^{2}}=0,$ ${\rm Re}(\partial_{l}\phi\omega’ v)_{L^{2}}=0$ for
28
$l=1,$ $\cdots,$ $n$ ${\rm Re}(i\phi_{\omega}, v)H^{1}=0,$ ${\rm Re}(\partial_{1}$ \phi ’ $v)_{H^{1}}=0$ for $l=1,$ $\cdots,$ $n$
, , Theorem 1 ,
5 , $\phi_{\omega}(x)$ $\omega$ ,
.
Proposition 3 ${\rm Re}(\phi_{\omega}, v)L^{2}=0$ (NLS)
. , $\langle Q’(\phi_{\omega}), v\rangle={\rm Re}(\phi_{\omega},v)$L2 , , $S_{\omega}’(e^{:\theta}\phi_{\omega})=0,$ $\theta\in \mathbb{R}$
$S_{\omega}’(\phi_{\omega}(\cdot+y))=0,$ $y\in \mathbb{R}^{n}$ , $S_{w}’’(\phi_{\omega})i\phi_{\omega}=0,$ $S_{\omega}’’(\phi_{\omega})\partial_{l}\phi_{\omega}=0,$ $l$ =l, $\cdot$ .. , $n$
. , Proposition 3 (1) , $v\in H^{1}(\mathbb{R}^{n})$ ${\rm Re}(i\phi_{\omega}, v)L^{2}=0$ ,
${\rm Re}(\partial_{l}\phi\omega’ v)_{L^{2}}=0,$ $l$ =1, $\cdot$ . . , $n$ -, .
, $v\in H^{1}$(r) $v_{1}(x)={\rm Re} v$ (x), $v_{2}(x)={\rm Im} v$ (x)
(1) ,
$\langle$S$\omega\prime\prime$ ( $\phi_{\omega}$) $v$ , $v\rangle$ $=\langle$L$1$ , $\omega v$1, $v1\rangle$ $\dotplus\langle$L$2$ , $\omega v$2, $v$2 $\rangle$ ,
$\langle L_{1,\omega}v_{1}, v_{1}\rangle=||\nabla$ l)1 $||$ x2 $+\omega||$ i)$1||l2-p \int_{\mathrm{R}^{n}}\phi_{\omega}^{p-1}(x)|v_{1}(x)|^{2}dx-aq\int_{\mathrm{R}^{n}}\phi$Z-1 $(x)|v_{1}(x)|^{2}dx$ ,
$\langle$ $L_{2,\omega}v_{2},$ $v2)=||\nabla v_{2}||$i$2+\omega||$ v2 $||$j2-1$n\phi_{\omega}^{\mathrm{p}-1}(x)|v_{2}(x)|^{2}$dx-a1$n\phi_{\omega}^{q-1}(x)|v_{2}(x)|^{2}dx$ ,
${\rm Re}(\phi_{\omega},v)L2=(\phi_{\omega}, v1)$L2, ${\rm Re}(i\phi_{\omega}, v)_{L^{2}}=(\phi_{\omega}, v_{2})_{L^{2}}$ ,
${\rm Re}(\partial_{l}\phi_{\omega}, v)_{L^{2}}=(\partial_{l}\phi_{\omega}, v1)$L2, for $l=1,$ $\cdot\cdot \mathrm{r}$ , $n$ .
.
5.
\phi \mbox{\boldmath $\omega$}\in G $*\backslash \dagger|$\check $\text{ },$ $\phi_{\omega}(x)>0$ $L_{2,\omega}\phi_{\omega}=0$ , Proposition 3
, .
Lemma 1. Let $\phi,$ $\in \mathcal{G}_{\omega}$ and $p<1+4/n$ . There exists $\omega_{1}^{*}>$ Owith the following
property: for any $\omega\in$ $(0, \omega_{1}^{*})$ , there exists $\delta_{1}>0$ such that
$\langle L_{1\mu}v, v\rangle\geq\delta_{1}||v||_{H^{1}}^{2}$
for any $v\in H^{1}(\mathbb{P}, \mathbb{R})$ satisfying $(v, \phi,)L2=0$ and $(v, \partial_{l}\phi_{\omega})_{L^{2}}=0$ for $l=1,$ $\cdots$ , $n$ .




\phi \mbox{\boldmath $\omega$}(x)=\mbox{\boldmath $\omega$}l/(p-y\phi \tilde $(\sqrt{\omega}x)$ , $\omega\in(0,\omega_{0})$
, $\tilde{\phi}_{\omega}(x)$
$-\Delta\tilde{\phi}_{\omega}+\tilde{\phi}_{\omega}-|\tilde{\phi}_{\omega}|^{p-1}\tilde{\phi}_{\omega}-a\omega^{(q-p)/(p-1)}|\tilde{\phi}_{\omega}|^{q-1}\tilde{\phi}_{\omega}=0$ , $x\in \mathbb{R}^{n}$ .
, , $\omegaarrow 0$ $q$ .
, $\omegaarrow 0$ $\tilde{\phi}_{\omega}(x)$ $a=0$ (SP) $\psi_{1}$ (x)
. , $e^{it}\psi_{1}$ (x) $p<1+4/n$
(3 ) , $\omega>0$ , $p<1+4/n$
, (NLS) $e^{i\omega t}\phi$,(x) .
, , .
Lemma 2. Let $n\geq 3,$ $\phi$ . $\in(;,$ and $\psi_{1}(x)$ be the unique positive radial solution of
(SPO) with $\omega=1$ . Then, for any sequence $\{\omega j\}$ with $\omega jarrow 0,$ there exist asubsequence
of $\{\tilde{\phi}_{\omega_{\mathrm{j}}}(x)\}$ (still denoted by the same letter) and asequence $\{y_{j}\}\subset \mathbb{R}^{n}$ such that
$\mathrm{J}\mathrm{i}\mathrm{m}||\tilde{\phi}_{\omega_{j}}$$(arrow\infty. +y_{j})-\psi$ l $||H1=0$ (2)
$\psi_{1}$ (x) $p<1+4/n$
, Lemma 2 $\tilde{\phi}_{\omega}(x)$ , $a=0$ (SP)
$\psi_{1}$ (x)
$\langle$ $L_{1}^{0}v,$ $v)=||v||_{H^{1}}^{2}-p \int_{\mathbb{R}^{7}}$ l 1 $(x)|v$ (x)|2 $dx$ ,
$\langle L_{2}^{0}v, v\rangle=||v||_{H^{1}}^{2}-\int_{\mathrm{R}^{\hslash}}\psi_{1}^{\mathrm{p}-1}(x)|v$ (x)|2 $dx$
, .
Lemma 3. ([16, 17, 18])
(i) If $p<1+4/n$ , then there exists $\delta_{1}>0$ such that $\langle$ $L_{1}^{0}v,$ $v)\geq\delta_{1}||v||$i2 for any
$v\in H^{1}(\mathbb{R}^{n}, \mathbb{R})$ satisfying $(v, \psi 1)L2=0$ and ($v,$ $\partial_{l}\psi$l)$L2=0$ for $l=1,$ $\cdot\cdot$ . , $n$ .
(ii) There exists $\delta_{2}>$ 0such that $\langle$L02v, $v\rangle$ $\geq\delta_{2}||v||$K2 for any $v\in H^{1}(\mathrm{R}^{n},\mathbb{R})$ satisfying
$(v, \psi 1)L2=0$ .
30
Lemma 3 , $\omegaarrow 0$ Lemma 1 , ,
$L_{1,\omega}$ Theorem 1 .
, Pohozaev $K_{1}^{0}$ $\tilde{K}_{\omega}$ .
$K_{1}^{0}(v):=( \frac{1}{2}-$ L) $||$vv $||$i$2+ \frac{1}{2}||v||$i2- $\frac{1}{p+1}||v||_{L^{\mathrm{p}+1}}^{p+1}$ ,
$\tilde{K}_{\omega}(v):=(\frac{1}{2}-\frac{1}{n}$ ) $|| \nabla v||_{L^{2}}^{2}+\frac{1}{2}||v||_{L^{2}}^{2}-\frac{1}{p+1}||v||_{L^{p+1}}^{p+1}-\omega^{(q-p)/(p-1)}\frac{a}{q+1}||v||_{L}^{q}$ S$+1$ ,.
Lemma 2 .
Lemma 4. Let $\phi_{\omega}\in \mathcal{G}_{\omega}$ and $n\geq 3$ . Then we have,
(i) $\lim_{\omegaarrow 0}||\nabla\tilde{\phi}_{\omega}||_{2}^{2}=||\nabla\psi_{1}||_{2}^{2}$ , (ii) $\lim_{\omegaarrow 0}K_{1}^{0}(\tilde{\phi}_{\omega})=0$ .
Lemma 4 , $\tilde{\phi}_{\omega}(x)$
$\inf${ $||\nabla v||_{L^{2}}^{2}$ : $v\in H^{1}(\mathbb{R}^{n})\backslash \{0\}$ , K (v) $\leq 0$ }
, $\psi_{1}$ (x)
$\inf\{||\nabla v||_{L^{2}}^{2} : v\in H^{1}(\mathbb{R}^{n})\backslash \{0\}, K_{1}^{0}(v)\leq 0\}$.
, $\tilde{\phi}_{\omega}(x)$ $\psi_{1}$ (x)
, (i) (ii) .
, Esteban and Strauss [11] , $a=0$ (NLS)
, , $a=0$
(NLS) (Fukuizumi and Ohta [13] ).
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